Panicum maximum is important for cattle production in tropical regions, and it responds well to nitrogen (N) fertilization. Many cultivars have exhibited potential for use in silvopastoral systems, although there is limited information on how different levels of N can influence plant growth and nutritive value under shading. Morphogenetic and structural traits, biomass production and nutritive value of two P. maximum cultivars (Tanzânia and Massai) were investigated under three shading levels (0, 37 and 58%) and four N rates (0, 50, 100 and 150 mg N dm À3 ). Plants were grown in pots under shade. Leaf and stem elongation rate and leaf blade length increased with shading and in response to N. Tiller density was reduced with shading, but showed a linear increase fashion with N under full sun and moderate shading. Under intense shading, the tillering showed a quadratic response to N. Plant biomass production increased linearly with N under full sun and moderate shade, but it increased quadratically under intense shade. Crude protein (CP) content increased with shade and N and was greater for Tanzânia than Massai under shade. Contents of NDF and ADF were greater for Massai than Tanzânia. Acid detergent insoluble protein was reduced in Tanzânia under shade, but it increased for Massai. It is suggested that the positive shading effect on CP content may not result in increased nutritional value. Although N fertilization was important for increasing biomass production under full sun and moderate shade, it should be avoided under intense shading.
Introduction
Silvopastoral systems can contribute to the sustainability of animal production systems. Attributes of silvopasture include the potential to improve soil fertility and forage quality, increase animal production and thermal comfort, help in the restoration of degraded areas, contribute to carbon sequestration and improved biodiversity and provide income diversification for producers (Murgueitio et al., 2011; Abraham et al., 2014; Paciullo et al., 2014; L opez-Carrasco et al., 2015) . However, the pasture production potential of silvopastures can sometimes be limited by the effect of shade levels imposed by the presence of trees.
Competition for light between trees and herbaceous components is an important consideration in silvopastoral system management (Neel et al., 2008 (Neel et al., , 2016 Santiago-Hern andez et al., 2016) . Shading of more than 50% of the incident radiation can affect the biomass production of tropical forage grasses (Guenni et al., 2008; Abraham et al., 2014) , because of the reduced photosynthetic rates in C 4 grasses (Santiago-Hern andez et al., 2016) . However, under moderate shading, herbage production may be similar or even greater than that observed in open pastures (Kyriazopoulos et al., 2012; Paciullo et al., 2014) . Grass tolerance to shade depends on a plant's ability to adapt, morphologically and physiologically, to a given irradiance level (Dias-Filho, 2000) . Under moderate shade, grasses can continue to grow at levels that are considered to be satisfactory, with increases in the ratio of above-ground biomass to root biomass (Paciullo et al., 2010) , the specific leaf area (Abraham et al., 2014) , leaf elongation rate and leaf blade length (Fernand ez et al., 2002) ; although with a reduction in the 1 Grass and Forage Science The Journal of the British Grassland Society The Official Journal of the European Grassland Federation tillering rate but an increased tiller weight (Paciullo et al., 2011; Abraham et al., 2014) .
Another aspect to consider in relation to forage production, independent of the adopted system, is that tropical grass growth is severely limited by nitrogen (N) deficiency (Silveira et al., 2015) . The evidence shows there are benefits from moderate shading in grass that grows in naturally low-nitrogen soils (Wilson, 1996) . One explanation is that the soil moisture content is reduced more slowly under shade than in full sun conditions, which is favourable for microbial activity in litter as well as mineralization, thereby improving nitrogen availability in the soil (Wilson, 1996) .
However, for most grasses that demand high soil fertility, it is possible that the nutrient content, especially N, is insufficient in shaded environments to meet the requirements of these grasses (Andrade et al., 2001; Bernardino et al., 2011; Pandey et al., 2011) . Tree species, such as eucalyptus and pines used for timber production in silvopastoral systems, are effective at nutrient extraction (Chang et al., 2002; Leite et al., 2010) . Thus, competition between trees and grasses is likely to reduce N availability for forage growth. Andrade et al. (2001) concluded that low N availability limited the growth of Panicum maximum cv. Tanzania when cultivated in a silvopastoral system with Eucalyptus urophyla. In addition, N fertilization improved the herbage dry-matter (DM) accumulation, even under shaded conditions. In the case of understorey forages, it has been shown that lower light availability may affect the efficiency of herbage responses to N applications, and this also depends on the availability of N in the soil and in grass species (Guenni et al., 2008; Paciullo et al., 2011; Pandey et al., 2011) .
Panicum maximum is one of the most important species for cattle production in tropical and subtropical regions, and it responds well to N fertilization (Freitas et al., 2012) . Many P. maximum cultivars show medium levels of tolerance to shade (Santiago-Hern andez et al., 2016) , which indicates they have potential for use in silvopastoral systems. The cultivars Tanzania and Massai have been released from the P. maximum breeding programme at EMBRAPA, and because of their advantages over older cultivars they are currently among the most planted P. maximum cultivars in Brazil. They have shown favourable characteristics for the intensification of pasture production because of their high dry-matter yield and forage nutritive value, but they also have high demands for soil fertility, especially in terms of nitrogen requirements.
To implement successful silvopastoral systems with these cultivars, it will be necessary to quantify their morphological behaviour, forage production and nutritive value under different conditions of shading and different levels of N supply.
The hypothesis tested in this experiment was that light intensity affects responses to N applications in forage grasses throughout the re-growth period and that this has implications for the growth pattern and chemical composition of plants. The objective was to evaluate the morphogenetic traits, biomass production and nutritive value of the P. maximum cultivars Tanzania and Massai when grown under three levels of shading and four levels of fertilizer N addition. 
Materials and methods

Experimental procedures
The experimental design was completely randomized within a factorial scheme, with three replicates that consisted of two guinea grass (P. maximum Jacq) cultivars (Tanzânia and Massai) that were subjected to three levels of artificial shading (0, 37, and 58%) and four rates of fertilizer supplied to soil in pots at 0, 50, 100 and 150 mg N dm À3 of soil. 
Measurements
The plant morphogenesis and structural traits were evaluated during each period. The leaf blades and the stems of two tillers in each pot were measured every week. The full length of the leaf blade was measured up to the ligule exposure. The length of the emerging blades was measured from the tip to the ligule of the last expanded leaf, up to the point where its ligule membrane was visible. The date when a leaf appeared was defined as the day when its ligule was first observed, and the date of its death was defined as the day when all of its tissue was senescent (Paciullo et al., 2011) . The length of each stem was measured at the beginning and end of each evaluation period as the distance from the soil to the ligule of the youngest adult leaf. These data were used to estimate the leaf appearance rate and the leaf and stem elongation rates for each tiller. The total number of leaves per tiller was also determined. The leaf lifespan was estimated using the values for the leaf appearance rate and the number of leaves per tiller (Chapman and Lemaire, 1993) . The leaf and stem elongation rates were obtained by dividing the difference between the final and initial total lengths of the leaf blades or stems by the number of days in the growth period. The leaf appearance rate was calculated by dividing the number of fully expanded leaves (with exposed ligules) that appeared per tiller by the number of days in the growth period. The number of tillers per pot was counted at the end of each growth period, before the harvest.
At the end of each growth period, all the plants were cut at 5 cm above the ground surface. The harvested material was separated into green leaf blades, stems and dead biomass. Each component was dried separately in a forced-draught oven at 55°C until constant weight, and then, the forage mass values were measured. Dry matter (DM) was obtained after oven drying at 105°C and ashing at 600°C for 2 h.
For the nutritive value determinations, leaf samples were ground in a Wiley mill equipped with a 1-mm mesh screen, and they were then kept in labelled plastic containers for laboratory analyses. The following methods were used for chemical analyses: N contents (DM basis) were analysed according to the Kjeldahl procedure described by the Association of Official Analytical Chemists (Association of Official Analytical Chemists, 1990) and crude protein (CP) was calculated as N 9 6Á25. The neutral detergent fibre (NDF) and acid detergent fibre (ADF) on a DM basis were assayed using the procedure described by van Soest et al. (1991) without using a-amylase. The neutral detergent insoluble protein (NDIP) and acid detergent insoluble protein (ADIP), both presented as a CP percentage, were assayed according to Licitra et al. (1996) . Because of the low amounts of herbage biomass harvested under the nil-N treatment, there were insufficient samples for analysis. Thus, only the treatments of 50, 100 and 150 mg N dm À3 were considered for the nutritive value analyses.
Statistical analysis
The data were analysed using the means from three growth periods. A variance analysis of Figure 1 Diurnal patterns of photosynthetic active radiation (PAR) according to shade levels.
non-transformed data was performed using the MIXED procedure in the SAS â statistical package (SAS, 2001) , by considering the effects of cultivars, N rates and shading levels as fixed effects. The experimental error was considered as a random effect. Whenever the analysis indicated that there was a significant effect for the N rate, the data were subjected to a regression analysis. The estimated averages from the LSMEANS option were compared with Tukey's test. Differences were declared when P < 0Á05.
Results
Morphogenetic and structural traits
The leaf and stem elongation rates and leaf blade lengths were influenced by the shading percentage, cultivar and N rate (P < 0Á001), but no significant interactions among these factors were observed (Table 1) . These three variables showed a similar pattern in relation to their shading and cultivar, which was characterized by increasing values with shading and higher values for cv. Tanzânia than cv. Massai. Cultivar was the only factor to influence (P < 0Á0001) the number of green leaves per tiller (P < 0Á0001), which was greater for Massai than for Tanzânia (Table 1) . In relation to N rate, there was a quadratic effect on the leaf elongation rate (P = 0Á0184) and leaf blade length (P = 0Á0341) and a linear positive effect on the stem elongation rate (P = 0Á0017; Table 2 ). The phyllochron varied (P < 0Á0001) only with nitrogen, responding quadratically to N rates ( Table 2) .
The interactions between shade and N rate and between shade and cultivar influenced the tiller density (P < 0Á0001; Table 3 ). The greatest tiller density was presented by cv. Massai cultivar, regardless of the shading percentage. The tiller density was decreased with shading for both cultivars, although they exhibited different magnitudes. The decrease was higher for cv. Massai (43%) than for cv. Tanzânia (30%), when compared under full sun and intense shade. The tiller density increased linearly with N rate under full sun and moderate shading, but it increased quadratically under intense shade conditions. The tiller density was similar among the three shading percentages under the nil-N treatment, but it was higher under full sun than shade, when increasing doses were applied (Table 3) .
Biomass production
The leaf and total biomass varied in their interactions between the N rate and shade percentage (P = 0Á0234 and P = 0Á0492 respectively) and the N rate and cultivar (P = 0Á0282 and P < 0Á0001 respectively). At the N rates of 0 and 50 mg N dm À3 , shade had no significant effect on the leaf biomass and total biomass (Table 4) . However, the lowest leaf and total forage biomass values were recorded under more intense shading conditions and the highest N rates. The leaf and total forage biomass responded linearly to N under full sun and moderate shading and responded quadratically under more intense shading (Table 4 ).
The two cultivars were similar in terms of their leaf and total forage biomass values without N fertilization, but cv. Tanzania presented greater leaf and total biomass when N was applied, regardless of the N rate (Table 4) .
Chemical composition
The herbage CP content was influenced by interactions between N rate and shading (P = 0Á0015) and between cultivar and shading (P < 0Á0001). Fertilization had a positive influence on CP content, with the greatest response to N in treatments under higher shading conditions (Table 5 ). The shade increased the CP content for both cultivars, although Massai was influenced only under intense shading (54%). Under shading, Tanzânia presented higher CP content than Massai, and in the full sun treatment, there were similar CP contents in the two grasses (Table 5) .
The NDIP content was affected by cultivar (P < 0Á0001), with cv. Massai having a greater value Table 6 ). The NDIP also varied with the interaction (P = 0Á0349) between N rate and shading percentage (Table 6 ). The N effect was observed only under moderate shade (36%), with the lowest value at the lower N rate compared to the other rates. The shading effect varied according to N rate. For the lowest N rate, the greatest NDIP content was observed in full sun condition. For two higher N rates (100 and 150 mg dm À3 ), the NDIP was lower under more intense shade than under full sun and moderate shade. The ADIP content did not vary with N rates, but there was a significant interaction between cultivar and shade percentage (P = 0Á0004) for the ADIP (Table 6) . Massai presented greater values than Tanzânia, regardless of the shading level. The Massai cultivar showed the largest value under more intense shading, and for Tanzânia, the inverse pattern was observed, with a higher value recorded for full sun treatments.
The content of NDF was influenced by the shade percentage (P = 0Á0068), cultivar (P < 0Á0001) and N rate (P = 0Á0002), but the interactions between these factors were not significant (P > 0Á05; Table 7 ). The NDF content was higher under full sun than under shaded conditions, and higher for cv. Massai than cv. Tanzânia, and also higher under the lowest N rate. The ADF content varied between cultivars (P < 0Á0001), with a higher value for Massai than for Tanzânia, but did not vary between shade conditions or N rates (Table 7) .
Discussion
Although both cultivars present erect growth, the leaves and culms of cv. Tanzânia are naturally larger than the leaves and culms of cv. Massai, which explains the basic morphological differences between the cultivars. The higher leaf and stem elongation rates and leaf length of Tanzânia relative to those of Massai are related to its dimension and also because of its response to shade treatments. The increased leaf elongation rate and leaf length in the shade that was verified in this study is a common plant response to enable increased light capture capacity under low light conditions (Guenni et al., 2008) . In addition, shading also stimulated the stem elongation rate for both Tanzânia and Massai, and this is a frequent tendency in plants that are cultivated in the shade (Paciullo et al., 2011) . The etiolation of plants subjected to shading is a mechanism through which the vegetation seeks out the light by lifting its leaves along the tiller. In grasses, this mechanism also permits a better distribution of light inside the canopy (Gomide et al., 2011) .
Similar to the effects of shading, which strongly stimulated the elongation rates, nitrogen is an Probability of significant effect due to nitrogen rate (L = linear effect; Q = quadratic effect; ***P < 0Á001; **P < 0Á01; *P < 0Á05).
s.e.m. = standard error of means. important factor that influences plant morphogenesis.
Increases of 50 and 54% in the leaf and stem elongation rates, respectively, were observed in plants that received the highest N rate compared with nil-N supply. Studies with grasses showed that the meristematic regions make great demands for nitrogen compounds, and their participation in the synthesis of new tissue is effective not only as a source of N but also of carbon skeletons (Gastal and Nelson, 1994) . However, the number of green leaves per tiller was not correlated with the light environment of the plants or with N rates. In this study, the variation that occurred only between cultivars confirmed that this characteristic is more likely to be determined by the genetics of the given species than the environment in which the plant grows, which is consistent with the findings of Paciullo et al. (2011) .
Tillering in grasses is a complex phenomenon that is controlled by a number of endogenous and environmental factors (Gautier et al., 1999) . The tiller density was reduced in both cultivars with shading, although the decrease for Massai was more intensive than it was for Tanzânia. This result corroborates the results in the literature (Paciullo et al., 2010; Abraham et al., 2014) and reinforces the importance of light in the production of new tillers in grass pastures. The tiller population density also varied with the shading 9 N rate interaction. Under full sunlight and moderate shading, the response to N was linear; whereas for intense shading, the responses were quadratic, showing that intense shading limited the plant's response to N, in terms of the appearance of new tillers.
A joint analysis of the leaf and stem elongation rate and tiller density data in relation to the N rates indicates that an increase in N availability under shade improved the growth of existing tillers, to the detriment of new tiller production. Forage grasses prioritize the growth of existing tillers, at the expense of new tiller production, to maintain the development of the existing tiller under shaded conditions. Under moderate shade, this mechanism may be sufficient for promoting satisfactory dry-matter accumulation (Sousa et al., 2010) . This finding is supported by the morphogenetic changes that occur in response to shade, as observed in this study, besides other characteristics that are influenced by shading, including the increase in the shoot:root ratio and the specific leaf area (Guenni et al., 2008; Paciullo et al., 2010) . When taken together, these changes can increase the photosynthesis-to-respiration ratio at the whole-plant level and contribute to the maintenance of a positive carbon balance and the maximization of growth in shade For each variable, means followed by different letters, comparing the effect of shade or cultivar, are different (P < 0Á05).
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Probability of significant effect due to nitrogen rate (L = linear effect; Q = quadratic effect; **P < 0Á01; *P < 0Á05 of DM) in leaves of Panicum maximum, according to shade level 9 nitrogen rate and shade level 9 cultivar interactions.
(Kitajima, 1994). In addition, the possibility of increasing the growth of existing tillers under moderate shading can be associated with high N uptake by moderately shaded stands. The higher N concentration in shaded leaves contributes to improvements in the photosynthetic light response, resulting in higher radiation-use efficiency in unfertilized plants or in plants that are receiving a low N supply (Cruz, 1997). This mechanism may explain the similar biomass production that occurs among light environments, including intense shading, when no N or 50 mg dm À3 of N was applied.
The leaf and total biomasses values increased linearly with N rate in both full sun and under moderate shading, but they increased quadratically under intense shading, reflecting the influence of low luminosity on plant responses to N applications. Under moderate shade, some tropical grasses (Brachiaria decumbens, B. brizantha and P. maximum) can continue to grow at levels that are considered to be satisfactory, when compared with full sun condition (Paciullo et al., 2010; G omez et al., 2013; Santiago-Hern andez et al., 2016). Plant acclimation under restricted irradiance implies a substantial carbon investment in leaf area expansion for light capture. This is related to changes in biomass allocation, prioritizing the growth of shoots at the expense of the root system (Guenni et al., 2008; Paciullo et al., 2010) , and to increased leaf elongation rate, as observed in present study. Furthermore, under restricted light environments, plants may compensate efficiently for low irradiance by increasing the specific leaf area, minimizing the cost of tissue construction (G omez et al., 2013) . From a physiological perspective, recently expanded leaves are capable of maintaining their functional integrity for photosynthesis so that light-use efficiency is maintained, or even increased, compared with leaves developed under full sunlight (G omez et al., 2013) .
However, the decreasing biomass production under intensive shading, associated with the two highest N rates, reflected the negative effect of severe light restriction on biomass production. Although the N level was the primary limiting factor for growth under highlight conditions, even under low light the plants could not respond to the highest N rate under this insufficient light level. The impact on DM yield of intense shade, which normally blocked more than 50% of the light from full sun exposure, has also been noted by other authors (Durr and Rangel, 2000; Guenni et al., 2008) . Barnes et al. (2015) found that shade greatly reduced biomass accumulation of a native Australian C 4 species, Chloris ventricosa, but had little effect on two native C 3 grasses. Under conditions of intense and permanent shade, the low photosynthetic capacity significantly decreased the biomass production of tropical forage grasses (Santiago-Hern andez et al., 2016) , which indicates that excessive shading should be avoided if high biomass production is required.
The increase in biomass production in response to N rates, observed for both cultivars in the present study, is in agreement with previous research with P. maximum (Freitas et al., 2012; Cardoso et al., 2016) . This result reflected the positive influence of N on the leaf and stem elongation rates and on the tillering of both cultivars. Although the cultivars responded positively to N, the potential for leaf and total biomass production of grasses varied according to N rate. At the lowest N rate, the biomass values of the grasses were similar. However, when N was applied, cv. Tanzânia presented higher values of leaf and total biomass compared with cv. Massai. This pattern indicates the greater potential of Tanzânia relative to that of Massai under N fertilization and suggests that Tanzânia is more suitable than Massai for intensive production systems.
The observed increase in the CP content in response to shade is consistent with the results found in other studies (Neel et al., 2008; Sousa et al., 2010; Paciullo et al., 2014) . Several hypotheses have been advanced to explain this effect. In field experiments, Wilson (1996) attributed this phenomenon to increasing soil moisture, which improves organic matter degradation and nitrogen recycling in the soil under shaded conditions. Thus, the high CP contents in the pasture herbage could be associated with an increased flow of nitrogen into the soil, especially when the tree component consists of legumes with potential to contribute to biological N fixation (Xavier et al., 2014) . Although this explanation may apply under field conditions for silvopasture systems, in our experiment, water was not a growth-limiting factor. In this context, Sousa et al. (2010) discussed another mechanism related to a delay in the ontogenetic development of plants cultivated under more intense shade. In this case, grasses tended to be physiologically younger, which prolongs the juvenile vegetative phase and allows for the maintenance of higher metabolic levels for a longer period of time. Neel et al. (2016) showed there was a 4-to 6-d delay for silvopasture to reach an equivalent morphological maturity as swards growing in full sunlight. Furthermore, the increased CP content in shaded plants could be associated with the reduced cell size caused by reduced light. Kephart and Buxton (1993) speculated that the reduced cell size, along with a constant quantity of N per cell, may have a concentrating effect.
Although shading increases the CP content of grasses, N fertilization has potential for a CP accumulation effect, especially under intense shade. The highest shading level had a negative impact on biomass production, and N assimilation apparently did not decrease relative to biomass production. Dale and Causton (1992) reported higher N accumulation in plants growing under shade and concluded that because N uptake exceeds metabolic requirements, there was an imbalance in the C and N assimilations. From a nutritional perspective, high CP concentration can be advantageous for ruminant nutrition, although there is evidence that a high N leaf concentration as a result of intense shading condition may result in an excessive leaf nitrate concentration, which could in turn reduce the dry-matter intake by ruminants (Neel et al., 2016) .
Tanzânia showed higher CP content than cv. Massai, in the shading conditions tested, although no difference was observed in full sun. A previous study showed greater CP content for Tanzânia than Massai (Brâncio et al., 2002) . The greater CP content, associated with lower NDF and ADF, indicates superior nutritional value of cv. Tanzânia relative to cv. Massai. This result may seem contradictory when considering the leaf biomass in relation to total biomass at the highest N rate (86 and 71% for cv. Massai and cv. Tanzania respectively) calculated from the values in Table 4 . However, it should be emphasized that the analyses of nutritional values were carried out using the leaf fraction, the preferred component selected by grazing animals (Brâncio et al., 2003) .
The NDIP did not vary with the N rate, except under moderate shading at which it was lower for the lower fertilizer N rate. There is no obvious biological explanation for this, in view of the absence of an N effect in other light conditions. Regarding the shading level, similar values of NDIP were observed when comparing full sun and moderate shade (except the value obtained at the lowest N rate) and decreased NDIP under intense shade in relation to full sunlight. The lack of difference in the full sun and moderate shading treatments is consistent with Neel et al. . a non-shaded environment) . In this context, the increased CP content of Tanzânia in shaded compared with non-shaded conditions could represent an advantage in nutritional value. For cv. Massai, there was a tendency for both ADIP and CP contents to have greatest values under intense shade. The ADIP is the N fraction which accounts for the unavailable protein contained in the cell walls that is undegraded in the rumen and is non-digestible in ruminant intestines (Sniffen et al., 1992) , and it could compromise the nutritive value. This result suggests that the positive shading effect on the CP content may not necessarily result in an increased forage nutritional value.
The NDF showed only a slight decrease, and the ADF contents were similar among shading levels. In general, the NDF and ADF concentrations of most grass species are either increased or unaffected by shade (Sousa et al., 2010; Paciullo et al., 2014; Neel et al., 2016) . The slight decrease in NDF recorded in this study under shade could be associated with the thinner cell walls of the sclerenchyma in plants that are cultivated under shade than under full sun conditions (Deinum et al., 1996) . This explanation is supported by results from Kephart and Buxton (1993) , who found a decreasing tendency in secondary cell wall development shade conditions. Neel et al. (2016) also showed a 4-to 6-d delay in morphological maturation within silvopastoral swards compared to open pasture.
The cv. Massai had greater NDF and ADF contents than Tanzânia, which is in agreement with previous research (Brâncio et al., 2002; Euclides et al., 2008) . The higher fibre components in Massai could be associated with its anatomical traits. Gomes et al. (2011) observed a greater area of sclerenchymatic tissue in Massai leaves than in Tanzânia. This in turn results in great leaf cell wall content due to great proportion of cell wall in sclerenchyma tissue. Furthermore, previous studies have shown that the arrangement of sclerenchyma cells between epidermal and bundle sheath cells (girder structure) results in a strong structure of lignified tissues that contribute to leaf rigidity. This may reduce herbage DM digestibility and animal productivity of Massai pastures compared with other Panicum cultivars (Brâncio et al., 2002; Euclides et al., 2008; Gomes et al., 2011) .
Implications for field conditions
This study confirmed our hypothesis that the interaction between shade and N fertilization strongly affects biomass production and the nutritional value of Panicum cultivars. Nitrogen fertilization was shown to be an important strategy for increasing biomass production and herbage CP content under both full sun and moderate shading conditions, and it should be considered for use in silvopastoral systems. Although the low N rate increased the biomass production at 58% shade, the application of high N rates to swards that are managed under intense shading should be avoided because of their low fertilization efficiency. Moreover, the increase in the non-degradable protein fraction (ADIP) of the Massai cultivar under intense shading suggests that the positive shading effect on the crude protein content may not necessarily result in an increased forage nutritional value.
Regardless of the cultivar, high levels of forage production should not be expected from pasture swards that are subjected to intense shading, because the morphogenetic changes that were observed under this condition are apparently insufficient to allow high rates of herbage production. Moreover, a marked reduction in the tiller population as observed in this study may compromise the long-term survival of these perennial forage grasses, with possible negative effects on sward persistence under grazing.
Of the two P. maximum cultivars studied here, Tanzânia showed the higher productive and nutritive potential, especially under full sun or moderate shade in association with a high N supply, which suggests that Tanzânia is more appropriate than Massai for use in intensive production systems. However, this study was performed under controlled artificial shade in which moisture was not a limiting factor, and there were no other plants such as trees to compete for moisture and nutrients. More studies are needed to confirm these results in silvopastoral systems before recommendations can be made under field conditions. Revista Brasileira de Zootecnia, 37, 18-26. 
